





















This	 study	 assesses	 the	 seasonal	 scheduling	 of	 shellfish	 harvesting	 among	 hunter-gatherer	21	
populations	along	the	southernmost	coast	of	South	Africa,	based	on	a	large	number	of	serial	22	
oxygen	 isotope	analyses	of	marine	mollusc	 shells	 from	 four	archaeological	 sites.	 The	 south	23	
coast	 of	 South	 Africa	 boasts	 an	 exceptional	 record	 of	 coastal	 hunter-gatherer	 occupation	24	
spanning	 the	 Holocene,	 the	 last	 glacial	 cycle	 and	 beyond.	 The	 significance	 of	 coastal	25	
adaptations,	 in	 this	 region	 in	 particular,	 for	 later	 modern	 human	 evolution	 has	 been	26	
prominently	debated.	Shellfishing	behaviours	are	an	 important	focus	for	 investigation	given	27	









two	 Middle	 Stone	 Age	 sites,	 Klasies	 River	 and	 Pinnacle	 Point	 5-6,	 show	 distinct	 seasonal	37	
patterns	 that	 likely	 reflect	 the	 seasonal	 availability	 of	 resources	 in	 the	 two	 locations.	 The	38	
Pinnacle	Point	5-6	assemblage,	which	spans	the	MIS5-4	transition,	records	a	marked	shift	in	39	
shellfishing	 seasonality	 at	 c.	 71	 ka	 that	 aligns	with	 other	 indications	 of	 archaeological	 and	40	













Cape	 coast	 may	 have	 been	 an	 especially	 hospitable	 habitat	 for	 African	 hunter-gatherers	53	

















was	essential	 for,	 first,	 the	development	of	 large-brained	hominins	 (Cunnane	and	Crawford	71	
2014),	and	second,	the	maintenance	of	good	health	and	population	viability	among	modern	72	
human	hunter-gatherers.	Marean	 (2014,	2015,	2016)	 advanced	an	alternative	evolutionary	73	
model	 on	 the	 significance	 of	 coastal	 habitats	 which	 argues	 that	 a	 behavioural	 adaptation	74	




A	 feature	of	 the	 southern	African	 record	of	 coastal	 occupation	 is	 the	 apparent	 increase	 in	79	
intensity	of	shellfishing	after	the	post-glacial	rise	in	sea-level	with	the	appearance	of	open-air	80	
“megamiddens”	around	the	coast	in	the	Holocene,	during	the	Later	Stone	Age	(LSA)	period.		81	










and	 Holocene	 respectively,	 suggesting	 possible	 environmental	 factors,	 such	 as	 water	92	
temperature	 and	 nutrient	 availability,	 in	 the	 size	 decrease	 (Teske	 et	 al.,	 2007;	 Sealy	 and	93	
	 3	
Galimberti,	 2011).	 Non-environmental	 factors,	 such	 as	 changes	 in	 the	 division	 of	 labour	94	









Seasonality	 of	 resource	 acquisition	 and	 site	 occupation	 is	 a	 key	 dimension	 of	 subsistence	104	
behaviour	 and	 social	 organisation	 among	 hunter-gatherers	 (Deacon,	 1984a;	 Kelly,	 1995).	105	
Seasonal	 mobility	 has	 been	 an	 influential	 framework	 in	 southern	 African	 archaeology	 for	106	
exploring	how	hunter-gatherers	might	best	 have	exploited	 seasonally	 fluctuating	 resources	107	
found	in	different	ecozones	between	coastal	and	inland	environments	(Parkington,	1976;	Sealy	108	




sites	 is	 far	 from	 straightforward.	 Parkington	 (1972,	 1976)	 detected	 contrasting	 seasonal	113	





Subsequently,	 Sealy	 (2006)	 demonstrated	 dietary	 differences	 between	 two	 populations	 of	119	






















existing	 detailed	 archaeological	 and	 coastal	 environmental	 records.	 Serial	 oxygen	 isotope	141	
sampling	 of	 marine	 mollusc	 shells	 allows	 the	 reconstruction	 of	 seasonal	 sea	 surface	142	









Later	 Stone	 Age.	 Evidence	 of	 LSA	 hunter-gatherer	 territoriality	 from	 Nelson	 Bay	 Cave	 and	152	
modern	studies	of	shellfishing	efficiency	along	the	south	coast	lead	us	to	hypothesize	that	LSA	153	
hunter-gatherers	 would	 access	 shellfish	 resources	 year-round,	 or	 preferentially	 during	154	
summer	when	the	weather	conditions	are	most	suitable	for	shellfish	collection.	Differences	in	155	
shellfish	assemblages	between	these	periods	(i.e.	in	size	and	species	representation)	suggest	156	
that	harvesting	 intensity	 increased	 in	 the	 LSA,	which	we	hypothesise	would	 result	 in	a	 less	157	
seasonal	harvesting	pattern	through	time.	Second,	we	examine	shellfishing	strategies	within	158	
the	MSA	and	LSA	assemblages,	both	between	sites	and	across	periods	of	broader	 climatic,	159	
technological	 and/or	 economic	 change:	 between	 the	 early	 Holocene	macrolithic	 Oakhurst,	160	
mid-Holocene	microlithic	Wilton	and	late	Holocene	macrolithic	post-Wilton	technocomplexes,	161	
and	across	the	MIS5-4	transition.	We	hypothesise	that	the	marked	technological	shifts	evident	162	












of	plant	diversity	and	endemism,	especially	 contrasted	with	 the	 tropical	 vegetation	biomes	175	
(e.g.	Grassland,	Savanna,	Desert)	which	surround	the	region	(Cowling	et	al.,	1997b).	The	GCFR	176	

























The	 western	 GCFR	 appears	 to	 have	 been	 largely	 stable	 in	 the	 past	 at	 the	 biome	 level	 in	201	
response	to	climate	change	(Meadows	et	al.,	2010;	Quick	et	al.,	2011;	Valsecchi	et	al.,	2013).	202	
Moreover,	a	key	determinant	for	vegetation	patterning	is	the	underlying	bedrock	and	resultant	203	
















Adjacent	 to	 the	 present	 coast	 is	 the	 Agulhas	 Bank,	 a	 large,	 coastal	 plain	 that	 is	 currently	219	
submerged	but	which	was	exposed	to	various	degrees	during	periods	of	lower	global	sea	levels	220	




formed	 a	 productive	 grazing	 ecosystem	 supporting	 large	 herds	 of	 terrestrial	 herbivores.	225	
Importantly	 for	 this	 study,	 the	coastline	would	have	been	shifted	 further	out	during	glacial	226	
periods,	affecting	the	sites	inhabitants’	access	to	coastal	resources.	Moreover,	the	impact	of	227	













Shell	 samples	 were	 obtained	 from	 five	 archaeological	 sites	 that	 span	 c.	 500	 km	 of	 the	241	
southernmost	 coast	 of	 South	 Africa	 (see	 Figure	 1),	 and	 key	 periods	 of	 the	 last	242	
glacial/interglacial	 cycle,	 including	 the	 terminal	 Pleistocene/Holocene	 transition,	 and	 the	243	






with	 varying	 amounts	 of	 aeolian	 sands	 and	 roof	 and	 cliff	 derived	 sediment,	 and	 each	 site	250	
contains	large	assemblages	of	lithic	tools	and	well-preserved	shell	and	faunal	remains.	They	251	
are	 valuable	 repositories	 of	 both	 environmental	 and	 archaeological	 information,	 and	252	
individually	have	been	the	focus	of	intense	study.	The	sites	were	excavated	over	the	last	four	253	










vegetation	 data	 are	 simplified	 from	 the	 National	 Vegetation	 Map	 Project	 (South	 African	263	
National	Biodiversity	Institute,	2012),	with	fynbos	vegetation	communities	in	shades	of	brown.	264	



































The	 terminal	 Pleistocene	 and	 Holocene	 archaeological	 record	 of	 the	 south	 coast	 records	299	
sweeping	changes	in	the	technological	record	of	the	south	coast	region	(Deacon,	1978,	1984b).	300	
At	 c.	 14	 kcalBP	 in	 the	 southern	 Cape	 (Loftus	 et	 al.,	 2016),	 late	 Pleistocene	 microlithic	301	




The	Oakhurst	was	 replaced	by	 the	microlithic	Wilton	at	 c.	8	 kcalBP	 (Lombard	et	al.,	 2012),	306	




industry	 characterised	 by	 crude,	 unstandardized	 quartzitic	 artefacts	 and	 abundant	 bone	311	
artifacts	replaces	the	Wilton	at	c.	4	kcalBP.	Numerous	lines	of	evidence	suggest	that	population	312	
densities	were	high	during	the	post-Wilton,	with	 increasingly	settled	populations	at	 least	 in	313	
some	 areas	 and	 indications	 of	 “intensification”	 in	 the	 archaeological	 subsistence	 record,	314	
including	 increased	 exploitation	 of	 marine	 foods	 such	 as	 fish	 (Inskeep,	 1987;	 Sealy,	 2006,	315	
	 9	
2016).	Although	these	industries	display	considerable	geographic	variation,	the	technological	316	


























coastal	 profile	 means	 that	 the	 coastline	 would	 not	 have	 been	 very	 far	 away	 during	 the	343	
occupation	periods	studied	here.	Studies	of	the	archaeological	shells	show	that	although	nearly	344	
forty	species	of	marine	molluscs	were	collected,	the	MSA	I	and	MSA	II	units	are	dominated	by	345	
brown	mussels	 (Perna	perna),	Turbo	sarmaticus,	 limpets	 (Patellidae	sp.)	and,	a	sandy	shore	346	
species,	white	mussel	(Donax	serra)	(Thackeray,	1988).	Changes	in	the	frequencies	of	different	347	
species	through	time	are	attributable	to	sea	level-driven	changes	in	the	coastal	environment,	348	




cliffs	 adjacent	 to	 Mossel	 Bay.	 Research	 undertaken	 as	 part	 of	 the	 South	 African	 Coastal	353	
Paleoclimate,	 Paleoenvironment,	 Paleoecology,	 and	 Paleoanthropology	 project	 has	 ranged	354	












are	 ongoing.	 Today,	 the	 site	 is	 located	 within	 a	 patchwork	 of	 fynbos,	 renosterveld	 and	363	









Turbo	 sarmaticus	 (common	 name	 ‘alikreukel’	 or	 ‘giant	 periwinkle’)	 is	 a	 large	 gastropod	373	
endemic	to	the	southern	and	eastern	coasts	of	South	Africa	(Figure	3A).	Out	of	the	multiple	374	
species	 found	 in	southern	coast	archaeological	sites,	 this	species	was	chosen	to	 investigate	375	
shellfishing	behaviours	because	the	dense,	compact	operculum	preserves	comparatively	well	376	
in	archaeological	sites,	and	the	species	ranks	highly	as	a	molluscan	prey	choice	(Dusseldorp	377	
and	 Langejans,	 2013).	 Consequently,	T.	 sarmaticus	opercula	 are	well-represented	 in	 south	378	
coast	archaeological	assemblages.	The	opercula	display	visible	growth	increments	across	their	379	
inner	 surfaces	 (Figure	 3B)	 and	 as	 the	 species	 occupies	 the	 lower	 littoral	 (intertidal)	 and	380	






archaeological	 operculum	 from	 PP5-6,	 showing	 the	 discontinuous	 sampling	 pattern	 (23	387	





over	 time,	whereby	 the	original	 isotopic	 composition	may	be	altered.	Moreover,	 aragonite	392	




of	 detecting	 even	 small	 amounts	 of	 calcite	 (<	 c.	 5	 wt%)	 that	 requires	 small	 amounts	 of	397	
powdered	CaCO3	(c.	0.5	mg)	for	analysis,	which	can	be	recovered	for	stable	isotope	analysis.	398	





tungsten	 carbide	 dental	 burrs	 (0.8	 mm	 –	 overlapping	 of	 samples	 allows	 for	 c.	 0.6	 mm	404	
resolution),	following	the	surface	growth	increments	(Figure	3B	and	C).	Every	4th	or	5th	milled	405	
sample	(i.e.	2	-	3	mm)	was	assessed	with	FTIR-ATR:	if	recrystallisation	was	detected	along	the	406	




A	 recent	 study	 of	modern	 T.	 sarmaticus	 shells	 collected	 from	Mossel	 Bay	 showed	 that	 T.	411	
sarmaticus	precipitate	their	shells	in	equilibrium	with	δ18Owater,	(Galimberti	et	al.,	2017),	with	412	






the	 Pinnacle	 Point	 site;	 Galimberti	 et	 al.,	 2017).	While	 individual	 shells	 do	 not	 necessarily	419	
capture	 the	 full	 annual	 temperature	 amplitude	 of	 an	 in	 situ	 daily	 SST	 recorder,	 mean	420	






samples	using	a	micromill,	which	enables	 improved	spatial	and	depth	control	 to	 follow	the	427	








across	 the	 last	 glacial	 period	 (Loftus	 et	 al.	 2017).	 To	 increase	 the	 number	 of	 seasonal	436	
	 12	
estimations	per	archaeological	level,	additional	shells	were	sampled	only	at	the	growth	edge	437	
(4	 milled	 samples)	 to	 characterise	 SST	 conditions	 just	 prior	 to	 death.	 The	 final	 analytical	438	

























Nov	2006	 spring/warm	 +0.38	 +0.60	 +1.04	 +0.76	 warming	 spring	 cool	
Dec	2006	 summer/warm	 -0.80	 -0.60	 -0.01	 -0.31	 warming	 summer	 warm	
Jan	2007	 summer/warm	 -0.68	 -0.52	 -1.05	 +0.04	 warming	 summer	 warm	
Jan	2007	 summer/warm	 -0.49	 +0.14	 +0.68	 +0.50	 warming	 summer	 warm	
Feb	2007	 summer/warm	 -0.07	 +0.57	 +0.22	 +0.06	 warming	 autumn	 warm	
Mar	2007	 autumn/warm	 -0.35	 -0.41	 -0.43	 -0.39	 cooling	 autumn	 warm	
Apr	2007	 autumn/warm	 +0.64	 +0.45	 +0.47	 -0.10	 cooling	 winter	 cool	
May	2007	 autumn/cool	 +0.78	 +0.23	 -0.01	 -0.09	 cooling	 winter	 cool	
Jun	2007	 winter/cool	 +1.07	 +0.52	 -0.22	 -0.34	 cooling	 winter	 cool	
Aug	2007	 winter/cool	 +0.74	 +0.84	 +0.71	 +0.42	 warming	 winter	 cool	
	446	
The	data	from	Galimberti	et	al.	(2017)	showed	that	season	of	the	final	growth	increment	can	447	
be	 accurately	 established	 based	 on	 a	 modified	 method	 of	 Mannino	 et	 al.	 (2003)	 that	448	
distinguishes	 just	 two	 final	 “seasons”:	 cool	 (more	 positive	 δ18O	 values)	 and	 warm	 (more	449	
negative	δ18O	values).	However,	the	Galimberti	et	al.	(2017)	study	employed	a	lower-resolution	450	





Isotope	 Geosciences	 Facilities	 at	 the	 British	 Geological	 Survey	 (see	 below	 for	 details	 of	456	
analyses).		457	
	458	
Table	1	 shows	δ18O	edge	values	 for	 ten	opercula,	 indicating	 the	 season	 in	which	each	was	459	
collected	and	the	quarterly	season	of	death	as	reconstructed	by	the	edge	value,	with	summer	460	
and	 winter	 represented	 by	 the	 first	 and	 final	 quartiles	 of	 the	 total	 set	 of	 δ18O	 values	461	
respectively,	and	the	intermediate	seasons,	spring	and	autumn,	distinguished	by	the	trajectory	462	
of	 the	 final	 samples	 (i.e.	whether	SSTs	were	warming	 (spring)	or	 cooling	 (autumn)	 towards	463	














δ18O);	 an	 automated	 Thermo	GasBench	 II	 device,	 coupled	 to	 a	 Thermo	Delta	V	Advantage	477	
isotope	mass	spectrometer	at	the	Division	of	Archaeological,	Geographical	and	Environmental	478	




solid-gas	 fractionation	 of	 the	 samples	 is	 corrected	 using	 an	 aragonite	 specific	 factor	 with	483	










high-energy	wave	 dynamics	 of	 this	 coastline	 ensure	 thorough	water	mixing,	 therefore	 the	494	
global	stack	of	Waelbroeck	et	al.	(2002)	is	applied.	The	ages	for	each	shell	were	determined	495	
with	reference	to	their	context	in	the	archaeological	deposits	and	the	error	of	the	correction	496	









season-of-harvest	designation	 for	each	shell).	 Figure	4	compares	 the	normalised	deviations	506	
between	 the	 inferred	MSA	 and	 LSA	 seasons	 of	 collection	 and	 the	 null	 hypothesis	 of	 equal	507	
distributions	throughout	the	year,	i.e.	a	semi-annual	(50%:50%)	cool:warm	season	distribution	508	










analysed.	 BNK,	 NBC	 and	 HRC	 sub-contexts	 distinguished	 with	 B,	 N	 and	 H,	 respectively.	518	
















B_1_Eva	 1.7-1.9	 0	 3	 18	
B_4_Dud	 3.7-4.0	 0	 2	 29	
N_EIII	 2.5	 0	 3	 35	
H_RR_P	 4.0-4.3	 0	 2	 34	
BNK	&	NBC	 Wilton	
B_5_Inge	 3.9-6.1	 0.03	 2	 28	
B_6_Hilary	 6.1-6.6	 0.04	 3	 25	
B_9_Mort	 6.4-7.4	 0.06	 3	 40	
N_Ivan	 4.9-6.6	 0.03	 2	 33	
N_Glen	 5.9-7.0	 0.06	 1	 20	
N_RiceA	 6.8-9.2	 0.15	 4	 37	
NBC	 Oakhurst	
RiceB	 9.2-9.7	 0.21	 4	 48	
Jake	 9.5-11.4	 0.3	 4	 79	






DBCS		 	 65-59	 0.54	 1	 20	
OBS1																										 72-66		 0.64	 5	 80	
SADBS																								 73-68	 0.57	 15	 179	
ALBS																												 74	ka		 0.43	 7	 81	
LBSR																											 89-75	ka	 0.28	 6	 78	
KRM	
MSA	II	Upper						 	 c.	80	-	85	 0.27	 12	 124	













type	 for	 the	 LSA	 dataset	 from	 NBC	 according	 to	 the	 post-Wilton,	 Wilton	 and	 Oakhurst	529	
archaeological	 divisions	 (the	 patterns	 from	 the	 two	 Robberg	 peninsula	 sites	 do	 not	 differ	530	
significantly	from	those	observed	at	BNK,	and	samples	from	these	sites	have	been	aggregated).	531	
The	Oakhurst	assemblage	shows	more	cool	season	deaths,	and	the	Wilton	and	post-Wilton	532	
show	 a	 more	 equal	 cool	 and	 warm	 season	 signal.	 The	 post-Wilton,	 Wilton	 and	 Oakhurst	533	




Middle	Stone	Age	sites,	and	by	archaeological	 level	 (individual	shell	 results	provided	 in	SM,	538	




		 Site	 Level	 Semi-annual	 Quarterly	seasons	 		
		 		 		 cool	 warm	 spring	 summer	 Autumn	 winter	 Total	
LSA	
	 All	LSA	 26	 13	 4	 8	 11	 17	 40	
NBC,	HRC,	BNK	 Post-Wilton	 6	 4	 0	 2	 4	 4	 10	
NBC,	BNK	 Wilton	 8	 6	 2	 4	 4	 5	 15	
NBC	 Oakhurst	 12	 3	 2	 2	 3	 8	 15	
		 		 		 		 		 		 		 		 		
MSA	
		 All	MSA	 33	 30	 21	 12	 19	 13	 64	
PP	
All	PP5-6	 22	 11	 9	 5	 11	 9	 34	
DBCS	 1	 0	 0	 1	 0	 0	 1	
OBS1	 2	 3	 2	 1	 0	 2	 5	
SADBS	 6	 11	 5	 2	 3	 7	 17	
ALBS	 0	 4	 1	 0	 4	 0	 5	
LBSR	 2	 4	 1	 1	 4	 0	 6	
KRM	
All	KRM	 11	 19	 12	 7	 7	 4	 30	
MSAIIupper	 5	 7	 8	 1	 2	 1	 12	
MSAIIlower	 5	 7	 3	 3	 4	 2	 12	




Figure	 4	 Deviations	 of	 seasonal	 assessments	 of	 shell	 harvesting	 from	 hypothesised	 equal	545	
distributions	throughout	the	year,	compared	between	the	Middle	and	Later	Stone	Ages.	On	546	
the	left,	the	data	are	interpreted	with	a	semi-annual	seasonal	division	and	on	the	right	the	data	547	
are	 interpreted	 according	 to	 a	 quarterly	 seasonal	 division,	 equated	with	 the	 four	 common	548	
seasons.	549	
The	 overall	 pattern	 in	 the	 MSA,	 inferred	 from	 both	 KRM	 and	 PP5-6	 combined,	 appears	550	
relatively	aseasonal.	However,	this	generalisation	masks	significant	inter-site	and	inter-period	551	
differences,	discussed	in	more	detail	below.	A	comparison	of	the	data	for	the	two	MSA	sites,	552	















Wilton	 (late	Holocene),	Wilton	 (mid-Holocene)	 and	Oakhurst	 (early	Holocene	 and	 terminal	567	







MSA	 contexts,	 which	 they	 interpret	 as	 indicating	 that	 marine	 shellfish	 were	 under	 higher	575	
predation	pressure	at	this	time.	During	at	least	some	periods	during	the	LSA	(i.e.	the	Oakhurst	576	
and	 post-Wilton),	 several	 lines	 of	 evidence	 indicate	 that	 populations	 appear	 to	 have	 been	577	
comparatively	large,	and	densely	packed	on	the	landscape	(Hall,	1986;	Jerardino,	2010,	2012;	578	
Sealy,	 2016),	 with	 particular	 indications	 of	 reduced	 residential	 mobility	 during	 the	 late	579	
Holocene	 post-Wilton	 (Sealy,	 2006).	 A	 high	 degree	 of	 territoriality	 and	 limited	 annual	580	
movements	led	us	to	hypothesise	that	these	periods	of	higher	population	density	would	be	581	
characterised	 by	 year-round	 shellfish	 collection,	 as	 the	 coastal	 occupants	 would	 have	 had	582	
access	 to	 the	 shoreline	 year-round	 and	 could	 have	 harvested	 shellfish	 opportunistically	583	
throughout	the	year.	This	would	align	with	the	evidence	for	reduced	size	during	the	Holocene	584	
LSA.	Yet,	 the	 isotope	data	reveal	a	seasonal	pattern	of	shellfish	harvesting	that	does	not	fit	585	







access	of	 intertidal	 resources	 (best	 in	summer)	or	to	ecological	considerations	related	to	T.	592	
sarmaticus:	gonad	development	for	the	species	peaks	during	spring/early	summer	and	body	593	














coastal	 hunter-gatherers	 targeted	 these	 juvenile	 seals,	 and	 they	 suggest	 that	 LSA	 hunter-608	
gatherers	timed	coastal	visits	to	coincide	with	late	winter	and	spring.	In	fact,	the	age	range	of	609	
seals	 from	NBC	 itself	 is	not	very	 tightly	clustered,	and	 instead	 indicates	a	broader	seasonal	610	





largely	 land-based	 during	 the	 spring	 and	 summer	 breeding	 season	 (Oosthuizen	 and	David,	616	
1988),	 making	 better	 targets	 of	 both	 juvenile	 and	 adult	 seals.	 Relatedly,	 a	 report	 on	 the	617	
incidence	 of	whale	 strandings	 in	modern	 times	 recorded	 a	 significant	 number	 of	 stranded	618	
whales	on	the	southern	African	coast,	which	were	most	common	from	August	to	December	619	
(i.e.	centring	on	spring)	(Smith	and	Kinahan,	1984).	Assuming	greater	numbers	of	whales	prior	620	









such	 as	 seals	 and	whale	 carcasses.	 Certainly,	 the	 δ15N	 values	 of	mid-to-late	 Holocene	 LSA	630	








Although	 the	 small	 sample	 sizes	 warrant	 caution	 here,	 the	 magnitude	 of	 any	 differences	638	
between	the	three	archaeological	periods	is	small.	Given	the	profound	shifts	that	are	evident	639	
in	 technological,	 cultural	 and	other	 subsistence	 records	 (i.e.	Deacon,	1984;	 Inskeep,	1987),	640	
alongside	evidence	for	shifts	in	both	total	population	size	and	the	degree	of	territoriality	across	641	
the	 Holocene	 (Sealy,	 2006,	 2016),	 we	 expected	 to	 observe	 more	 marked	 shifts	 in	 the	642	













patterns	emerge.	 In	fact,	 the	earliest	application	of	serial	 isotope	sampling	to	marine	shells	656	
ever	was	undertaken	by	Nicholas	Shackleton	on	shell	material	from	Nelson	Bay	Cave	to	identify	657	
the	 season	 of	 harvest	 (Shackleton,	 1973).	 He	 sampled	 fifteen	 Patella	 (now	 Scutellastra)	658	







Taken	 all	 together,	 the	 entire	 dataset	 of	 104	 shells	 demonstrates	 marked	 differences	 in	666	
















during	 spring.	 Today,	 there	 is	 no	 seal	 colony	 anywhere	 along	 the	 coastline	 near	 KRM,	 and	682	
reconstructions	of	the	locations	of	seal	rookeries	before	the	arrival	of	Europeans	indicate	that	683	
it	 is	 unlikely	 that	 one	was	 ever	 located	 very	 near	 to	 the	 site	 (Rand,	 1972;	Marean,	 1986	 -	684	
although	these	assessments	predated	the	van	Andel	(1989)	reconstruction	of	glacial-era	sea	685	
levels).	Yet,	seal	remains	are	relatively	common	throughout	the	KRM	deposits,	and,	based	on	686	







frequent	 season	 for	 the	 admittedly	 small	 samples	 of	 shells	 from	 the	 combined	earlier	 two	694	
levels,	all	of	which	is	consistent	with	Marean’s	interpretation	of	the	occupational	sequence.	695	







autumn	overrepresented.	However,	 it	 is	apparent	on	closer	 inspection	that	this	pattern	is	a	703	




et	 al.,	 2018).	 The	 Toba	 isochron	 is	 found	 above	 the	 ALBS	 samples	 in	 this	 study.	708	
Geoarchaeological	 analysis	 of	 the	 PP5-6	 sediments	 indicate	 that	 environmental	 changes	709	
related	to	the	onset	of	MIS4,	including	the	retreat	of	the	coastline,	began	with	the	shift	from	710	
LBSR	 to	ALBS	 (a	 rapidly	 accumulated	 dune	deposit),	with	 unit	 SADBS	occurring	well	within	711	
MIS4.	 The	 archaeological	 sequence	 from	 LBSR	 to	 SADBS	 reveals	 a	 shift	 from	 low-	 to	 high-712	
intensity	occupation	(Karkanas	et	al.,	2015).	Figure	6	shows	the	combined	results	of	units	LBSR	713	
and	ALBS	(n=11),	prior	to	and	during	the	MIS5-4	transition,	with	those	from	the	overlying	MIS4	714	
units	 SADBS	 and	 OBS1	 (n=22)	 (again,	 the	 small	 sample	 sizes	 for	 this	 comparison	 warrant	715	

















tool	 technology	 characterised	 by	 heat-treated	 microlithic	 backed	 bladelets	 similar	 to	732	
microlithic	 tools	 from	Holocene	 LSA	 sites	 (Brown	et	 al.,	 2012),	which	 the	PP5-6	excavators	733	
suggest	were	made	to	be	hafted	as	part	of	projectile	weapons,	perhaps	arrows	or	atlatl	darts.	734	
Further,	Wilkins	et	al.	 (2017)	showed	that	several	 features	of	the	 lithic	technology	at	PP5-6	735	
changed	 with	 the	 onset	 of	MIS4	 along	 the	 south	 coast,	 including	 raw	material	 usage	 and	736	
reduction	 intensity.	 The	 authors	 attribute	 these	 technological	 changes	 to	 increasing	737	
populations,	 more	 intense	 site	 occupation,	 and	 decreased	 residential	 mobility	 that	 was	 a	738	
































Yet,	 the	 patterns	 observed	 at	 PP5-6	 appear	 to	 have	 been	 broadly	 stable,	 insofar	 as	 the	770	
inhabitants	 appear	 to	 have	preferred	 the	 cooler	months	 for	 shellfishing	 over	 long	 periods,	771	
regardless	 of	 sea-level.	 Galimberti	 (2010)	 investigated	 the	 seasonality	 of	 T.	 sarmaticus	772	
harvesting	from	older	MIS5	deposits	at	the	sites	PP9B	(114	±	5ka)	and	PP13B	(units	LRS:	114-773	
















and	 ecological	 seasonality	 within	 the	 south	 coast,	 as	 opposed	 to	 treating	 the	 region	 as	790	






Younger	(and	smaller)	T.	sarmaticus	 individuals	 live	higher	 in	the	 intertidal	range,	migrating	797	
down	the	shore	 into	cooler,	deeper	waters	as	 they	age	and	their	 tolerance	of	 temperature	798	
	 23	
shifts	decreases	 (McLachlan	and	Lombard,	1980;	Foster,	1997).	Since	shellfish	harvesting	 is	799	






























In	 contrast	 to	 the	 Mediterranean	 shoreline,	 where	 molluscan	 biomass	 would	 have	 been	830	
generally	limited,	and	shellfish	could	not	have	been	a	primary	food	resource	throughout	the	831	
year,	marine	 productivity	 along	 the	 south	 coast	 of	 South	 Africa	 is	 comparatively	 high	 and	832	
resources	 are	 amenable	 to	 prolonged	 harvesting	 (Branch	 et	 al.,	 2007),	 as	 attested	 by	 the	833	
formation	 of	 dense	 shell	 middens	 over	 comparatively	 short	 periods	 during	 the	 Holocene	834	
(McGrath	et	al.,	2015).	Thus,	shellfish	could	have	been	collected	year-round,	and	yet	MSA	and	835	
LSA	 hunter-gatherers	 repeatedly	 chose	 to	 schedule	 shellfishing	 activities	 within	 defined	836	
seasons.	During	 the	earlier	part	of	 this	 long	 record,	at	KRM	during	MIS5,	people	harvested	837	
shellfish	during	 the	warmer	months,	 suggesting	 that	 they	 took	 advantage	of	 the	 improved	838	
summertime	weather	 conditions	 and	 largely	 avoided	 shellfishing	during	 the	 cooler	months	839	
when	it	was	more	difficult	and	dangerous.	Yet,	during	the	MIS5-4	transition	at	PP5-6,	during	840	
an	episode	of	dramatic	 landscape	 reorganisation	and	climate	 change,	people	 concentrated	841	
their	shellfishing	activity	during	the	cooler	months	of	the	year,	suggesting	that	these	resources	842	










No	 single	 period	 or	 site	 across	 the	Middle	 or	 Later	 Stone	 Age	 demonstrates	 a	 year-round	852	
collection	pattern	for	shellfish	–	what	seems	at	first	to	be	a	year-round	pattern	during	the	MSA	853	
















large	 technological	 and	 subsistence	 shifts,	 supports	 interpretations	 of	 shellfishing	 as	 a	870	
mainstay	 of	 Later	 Stone	 Age	 coastal	 hunter-gatherer	 economic	 activities.	 The	 pronounced	871	
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